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Abstract 
Bitter gourd vines (Momordica charantia) exhibiting symptoms of leaf and floral malformations including 
reduced leaf and flower size and shortened internodes were observed in farmer‟s fields in Selangor, Malaysia. 
The causal agent was detected by nested and semi nested Polymerase Chain Reaction (PCR) using phytoplasma 
universal primers based on 16SrRNA and SecA gene sequences. Sequence analysis of 1.2 kb and 480 bp 
amplicons of the 16SrRNA and SecA gene respectively confirmed the presence of phytoplasma DNA associated 
with Candidatus phytoplasma asteris (Group16SrI) in the symptomatic bitter gourd samples. Phylogenetic 
analysis of the 16SrDNA and SecA sequences placed the bitter gourd phytoplasma in the 16SrI phytoplasma 
group.  This is the first report of phytoplasma infection in bitter gourd in Malaysia.  
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1. Introduction 
Bitter gourd (Momordica charantia) also known as bitter melon, belongs to the Family Cucurbitaceae. It is 
cultivated for use as vegetables and medicine throughout the world including Malaysia. Bitter gourd is very low 
in calories but rich in dietary fibre, minerals, vitamins and antioxidants [1]. It has been reported that bitter gourd 
is a host plant for different types of pathogens including viruses, bacteria, fungi and phytoplasma [2,3]. These 
pathogens affect the yield of the crop irrespective of the area grown. Leaf and flower malformations were 
observed in bitter gourd farmer fields in the state of Selangor, Malaysia during a survey conducted in October, 
2019. The leaves and flowers were reduced in size and the vines were stunted due to shortened internodes 
(Figure 1). These symptoms are associated with phytoplasma infections.  
 
Figure 1: Bitter gourd vines, a- symptoms with little leaf and malformation,  b - Healthy vine 
Phytoplasma is a phloem-limited cell wall-less pathogen that causes plant diseases [4]. They are associated with 
numerous plant diseases worldwide. Symptoms of phytoplasma diseases include, virescence, phyllody, stunting, 
witches‟ broom, yellowing, leaf and flower malformations [5]. These symptoms are dependent on the host, 
environmental factors and the phytoplasma strain infecting the host. Phytoplasma can be visualized by 
microscope, but is not ideal as a routine and rapid diagnostic method. Few attempts have been made to identify 
the pathogen using antibody–based detection systems but it would be specific for a particular phytoplasma 
rather than generic. Nucleic acid based detection and diagnostic systems are widely used for the detection of 
pathogens including phytoplasma since it is rapid and can be used as a generic tool [5]. The most common and 
simplest diagnostic method for the detection of phytoplasma is PCR using specific primers to amplify various 
regions of rRNA operon. Diagnostic and phylogenetic analysis of phytoplasma are mostly based on the 
16SrRNA gene due to the availability of universal primers to detect this region [6]. However, the standard 
universal primers can amplify closely related organisms (bacteria) making false positives and diagnostic errors 
[7]. In addition, SecA gene, which encodes SecA, the ATP dependent force generator in the bacterial precursor 
protein translocation cascade system can also be used for identification and classification of phytoplasma [5]. 
Based on the analysis of 16SrRNA sequences there are 34 different groups of phytoplasmas and more than 100 
sub-groups in the world. From Malaysia 16SrI, 16sXIVand 16SrXXXII groups have been reported [8,9,10] but 
there are no reports of phytoplasma in bitter gourd in Malaysia.  
2. Materials and Methods 
2.1 Total nucleic acid extraction and Polymerase Chain Reaction (PCR) amplification  
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Samples of bitter gourd showing leaf and flower malformation were collected from naturally infected bitter 
gourd plants grown in vegetable fields in state of Selangor, Malaysia in 2019.  Total DNA was extracted from 
450 mg of leaf samples using the Cetyl trimethylammonium Bromide (CTAB) extraction method [11]. The 
DNA was amplified by Nested PCR for 16SrRNA and a semi nested PCR for SecA gene. The amplification of 
the 16SrRNA was done using P1 /P7 [12] primers that amplifies 16S-23S rDNA intergenic spacer region of 
16srRNA gene. Phytoplasma specific R16F2n and R16R2 [13] primers were used for the second round PCR. 
Amplification was performed in 25 µl of final volume consist of 12.5µl Gotaq master mix, 1 of each primer (10 
mmol) and 1µl of DNA template (concentration was 10-100 nmol/µl) and the final volume was made up with 
nuclease free water.  The primer pair P1/P7 amplification was performed in 35 cycles with 95
0
C for 2 minutes 
for initial denaturation, in an automated thermal cycler (Bio-Rad) and each cycle consisted with denaturation 
95
0
C for 2 min, annealing 55
0
C for 1 min and extension step at 72
0
C for 2 minute. Final extension was at 72
0
C 
for 10 minutes. Resulting PCR product of 1 µl was used for the second round amplification.  PCR conditions for 
second round with primer pair R16F2n and R16R2 were 95
0
C for 2 minutes initial denaturation followed by 35 
cycles of 95
0
C for 1 minute denaturation, 57
0
C for 1 minute annealing and 72
0
C denaturation with 2 minutes. 
Final extension was done 72
0
C for 10 minutes. The final PCR product is expected to be around 1.2 kb in size. 
Amplification of the non- ribosomal SecA gene was performed by a semi nested PCR assay employing primers 
of SecAFor1/ SecARev3 [14] followed by SecAFor2 / SecARev3 [14]. Amplification was performed in 25 µl of 
final volume consist of 12.5µl Gotaq master mix, 1 of each primer (10 mmol) and 1µl of DNA template 
(concentration was 10-100 nmol/µl) and the final volume was made up with nuclease free water. The PCR 
conditions for the first round of the semi nested PCR (SecAFor1/ SecARev3) were 95
0
C for 2 minutes followed 
by 35 cycles of 95
0
C for 1 minute, 53
0
C for 1 minute and 72
0
C for 90 seconds and final extension step of 72
0
C 
for 10 minutes. One microliter of the first round PCR product was used for the second round. The PCR 
condition for SecAFor2 and SecARev3 was the same as used for the SecAFor1/ SecARev3 except the annealing 
temperature, which was 51
0
C instead of 53
0
C. Periwinkle DNA was used as a positive control. The final PCR 
product is expected to be around 480 bp in size. The PCR products were analysed on 1.5% agarose gel stained 
with Florasafe
®
 and visualized under UV trans-illuminator. The PCR positive products were purified using 
Minelute gel extraction kit (Qiagen). Non symptomatic bitter gourd samples were used as a negative control. 
2.2 Sequencing analysis  
PCR products were sequenced at MyTACG Bioscience Sdn Bhd (Malaysia) on both strands of the PCR 
products using R16F2n/ R16R2 and SecAfor2/ SecARev3 primers. Sequence editing was done using sequence 
scanner v1.0 and assembly of forward and reverse sequences were done using BioEdit 7.2. The gene sequences 
obtained from 16SrRNA and SecA genes were deposited to the GenBank under the accession numbers of 
MT422719 (16SrDNA) and MN478168 (SecA).  The gene sequences obtained in this study were compared with 
other reported phytoplasmas in the National Center for Biotechnology Information (NCBI) using BLAST 
searches (http://ncbi.nlm.gov/ BLAST).  
2.3 Phylogenetic analysis 
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Table 1:  Phytoplasma strains employed to construct the phylogenetic trees based on 16SrDNA and SecA gene 
sequences. 
Named 'Candidatus 
Phytoplasma' species 
Gen Banks 
Acession number 
16Sr group origin 
Ca. Phytoplasma asteris‟ M30790 16SrI NA 
Ca. Phytoplasma asteris‟ MN585898 16SrI Malaysia 
Ca. Phytoplasma asteris‟ MT192345 16SrI Malaysia 
Ca. Phytoplasma asteris‟ MN877917 16SrI Iran 
Ca. Phytoplasma asteris‟ KF803561 16SrI Malaysia 
Ca. Phytoplasma asteris‟ KF728953 16SrI India 
Ca. Phytoplasma asteris‟ FJ008869 16SrI Malaysia 
Ca. Phytoplasma asteris‟ KC924727 16SrI Malaysia 
Ca. Phytoplasma asteris‟ KC924728 16SrI Malaysia 
Ca. Phytoplasma asteris‟ KX179474 16SrI India 
Ca. Phytoplasma asteris  EU168722 16SrI-C UK 
Ca. Phytoplasma asteris. EU168723 16SrI-C Czech Rep 
Ca. Phytoplasma asteris  EU168724 16SrI-F Spain 
Ca. Phytoplasma asteris  EU168721 16SrI-B USA 
Ca. Phytoplasma asteris JN977034 16SrI- B Myanmar 
Ca. Phytoplasma aurantifolia U15442 16SrII France 
Ca. Phytoplasma pruni‟  JQ044393 16SrIII-A USA 
Ca. Phytoplasma pruni  EU168734 16SrIII-B Italy 
Ca. Phytoplasma pruni  EU168732 16SrIII-A USA 
Ca. Phytoplasma palmae  AF498307 16SrIV-A  Caribbean region 
Ca. Phytoplasma palmae  EU168737 16SrIV-A USA 
Ca. Phytoplasma ziziphi‟  KC478660 16SrV China 
Ca. Phytoplasma cocostanzaniae  EU168739 16SrIV-B Tanzania 
Ca. Phytoplasma ulmi  EU168741 16SrV-A France 
Ca. Phytoplasma trifolii‟  AY390261 16SrVI-A Canada 
Ca. Phytoplasma trifolii  EU168742 16SrVI-A USA 
Ca. Phytoplasma trifolii  EU168743 16SrVI-A India 
Ca. Phytoplasma fraxini‟  AF092209 16SrVII-A USA 
Ca. Phytoplasma vitis AF176319 16SrVIII France 
Ca. Phytoplasma phoenicium‟  AF515636 16SrIX-D Lebanon" 
Ca. Phytoplasma mali‟  AJ542541 16SrX-A Italy 
Ca. Phytoplasma mali  EU168747 16Sr X-A Italy 
Ca. Phytoplasma prunorum  EU168749 16Sr X-B Germany 
Ca. Phytoplasma oryzae‟  D12581 16SrXI-A Japan 
Ca. Phytoplasma australiense‟  L76865 16SrXII-B Australia 
Ca. Phytoplasma fragariae  EU168751 16SrXII UK 
No 'Candidatus' name proposed AF248960 16SrXIII Mexico 
Ca. Phytoplasma cynodontis‟ AJ550984 16SrXIV-A Italy 
Ca. Phytoplasma brasiliense AF147708 16SrXV Brazil 
Ca. Phytoplasma graminis AY725228 16SrXVI Cuba 
Ca. Phytoplasma caricae AY725234 16SrXVII Cuba 
Ca. Phytoplasma americanum DQ174122 16SrXVIII USA 
Ca. Phytoplasma castaneae AB054986 16SrXIX South Korea 
Ca. Phytoplasma rhamni X76431 16SrXX NA 
Ca. Phytoplasma pini AJ632155 16SrXXI Spain 
Ca. Phytoplasma cocosnigeriae Y14175 16SrXXII UK 
No 'Candidatus' name proposed AY083605 16SrXXIII Australia 
No 'Candidatus' name proposed AF509322 16SrXXIV Australia 
No 'Candidatus' name proposed AF521672 16SrXXV Australia 
No 'Candidatus' name proposed AJ539179 16SrXXVI Mauritius 
No 'Candidatus' name proposed AJ539180 16SrXXVII Mauritius 
Ca. Phytoplasma omanense EF666051 16SrXXIX Oman 
Ca. Phytoplasma tamaricis FJ432664 16SrXXX USA 
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Phylogenetic trees were constructed using 16SrDNA (R16F2n/ R16R2) and SecA (SecAFor2/ SecARev3) gene 
sequences (Table 1). The phylogenetic relationship of bitter gourd little leaf phytoplasma was assembled with 
other phytoplasma strains available in GenBank for both genes. Bio Edit software was used for multiple 
alignments of sequences obtained from Gen Bank. Phylogenetic trees were constructed using MEGA7 software 
using neighbour joining method done in 1,000 replicates. Acholeplasma laidlawii (Accession No. M23932) and 
Bacillus subtillis (Accession No. D10279) were included as outgroups.  
3. Results and Discussion 
The nested PCR using primers R16F2n and R16R2 yielded an approximately 1.2 kb amplicon from all the 
symptomatic bitter gourd vine samples (Figure 2). In addition, an amplicon of approximately 480 bp was also 
observed in all symptomatic samples using the semi nested PCR assay for the amplification of SecA gene using 
SecAFor2/ SecARev3 primers. The same size PCR products were also observed in the positive control 
(periwinkle phyllody), while no amplicons of the expected size were observed in all the non-symptomatic 
samples (Figure 2). These results associate the little leaf disease and malformations in the bitter gourd vines 
with a phytoplasma.  
 
Figure 2: Nested PCR amplification of phytoplasma 16rDNA and SecA gene sequences from infected bitter 
gourd samples. (a) 1.2 kb fragment amplified using the primer pair P1/P7 followed by R16F2n/R16R2. (1,2,3 – 
symptomatic bitter gourd samples, 4 – positive control, 5- negative control, M- 100bp marker), (b) 480 bp 
fragment amplified using the primer pair SecFor1/SecARev3 followed by SecAFor2/SecARev3. (1,2,3 – 
symptomatic bitter gourd samples, 4 – positive control, 5,6,7- negative control, M – 100bp marker) 
Near full length of 16SrDNA gene sequence of 1185 bp was obtained from the nested PCR using R16F2n and 
R16R2 primes. The blast analysis of the 16SrDNA sequence of bitter gourd little leaf phytoplasma showed the 
highest identity (99%) with 'Prunus sp.' witches'-broom phytoplasma (16SrI, Accession no. MN877917). The 
sequence obtained in this study was submitted to GenBank with the accession number of MT422719. In 
addition, SecA gene sequence analysis of bitter gourd little leaf phytoplasma showed 100% sequence identity to 
SecA gene sequence of Sesame phyllody phytoplasma (JN977034), belongs to 16SrI-B group of phytoplasma. 
The SecA gene sequence was submitted to GenBank with the accession number of MT478168. Both results 
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confirmed that little leaf bitter gourd phytoplasma in Malaysia belongs to the Candidatus phytoplasma asteris 
(16SrI) group. This is the most common phytoplasma group which infects a wide range of host plants and 
vectors worldwide [15].  Phylogenetic analysis of 16SrDNA gene sequences showed that the bitter gourd little 
leaf phytoplasma, (MT422917) was clustered with 16SrI phytoplasma strains (Figure 3), confirmed by the 
branching pattern of the phylogenetic tree clearly. The phylogenetic results obtained from 16SrDNA was further 
supported by the observation of the SecA gene pattern of the tree (Figure 4). Both gene sequences of bitter gourd 
phytoplasma showed close phylogenetic relationship with members of Candidatus phytoplasma asteris (16SrI). 
Phylogenetic analysis of organisms using a single highly conserved genes such as 16SrRNA has its limitations 
when defining groups, thus the phylogenetic trees should be analysed using a range of different genes [5]. One 
such gene is the SecA gene, which has been used for identification and classification of phytoplasma from 
various crops [5,8,9,10]. Phytoplasma have been previously reported in bitter gourds in India [16] and Myanmar 
[3] causing little leaf disease. Symptoms associated with the little leaf disease include reduced leaf and flower 
size, yellowish green leaves and shortened internodes [3,16]. Symptoms observed in this study were similar to 
those described with the bitter gourd little leaf disease in Myanmar [3] and India [16]. In both cases, the bitter 
gourd phytoplasma belonged to the Candidatus phytoplasma asteris (16SrI) group which occur on a broad range 
of vegetable crops such as onion [17], carrots [18], tomatoes [19], potatoes [20], lettuce [21] and brinjal [22]. 
While in Brazil, bitter gourd was infected with phytoplasma causing the symptoms of witches‟- broom, 
yellowing, small leaves and stunting. It was identified as phytoplasma of 16SrIII [23]. Sometimes a disease of 
phytopasma is given a common name in different parts of the world since having same symptoms [5]. At the 
same time the same plant species can be infected with different 16Sr groups even in the same country of origin. 
[21,24].  This study provides the first evidence that bitter gourd in Malaysia is infected with the Candidatus 
.phytoplasma asteris (16SrI) group but further analysis is needed to identify the sub group under the 16SrI 
group. Additional studies on symptomatology, detection, diversity analysis, in vitro and virtual restriction 
analysis will provide invaluable basic knowledge and improved understanding of the disease. This would enable 
a better understanding of the epidemiology and host-vector interactions that can be used to formulate novel 
management strategies for phytoplasma diseases.   
4. Conclusion 
Leaf and floral malformation and stunting of the bitter gourd vines in this study was found to be associated with 
a phytoplasma infection. The presence of the phytoplasma was confirmed by nested and semi nested PCR using 
two different genes. The phytoplasma in bitter gourd was identified as belonging to the Candidatus phytoplasma 
asteris (16SrI) group and associated with the bitter gourd little leaf disease. This is the first record of 
phytoplasma in bitter gourd in Malaysia.  
5. Recommendations 
The current study emphasizes the importance of identification of the correct pathogen of diseases in bitter gourd, 
which will help in managing the pathogen. Nevertheless, further analysis is needed to identify the sub group 
under the 16SrI group. In vitro and virtual restriction enzyme analysis should be able to provide invaluable basic 
knowledge and improved understanding of the pathogen.   
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Figure 3: Phylogenetic tree constructed by the neighbour joining method showing the phylogenetic relationship 
for 16SrDNA sequences of different groups of phytoplasmas. Bootstrap values obtained from 1,000 replicates 
are shown. Acholeplasma laidlawii (JN935888) was employed as the out group of the root. 
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Figure 4: Phylogenetic tree constructed by the neighbour joining method showing the phylogenetic relationship 
for SecA sequences of different groups of phytoplasmas. Bootstrap values obtained from 1,000 replicates are 
shown. Bacillus subtilis (D10279) was employed as the out group of the root. 
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